bstract. Pulse-Radiolysis is a powerful technique for the Getermination of the equilibrium constants of the homolytic cleavage of metal-carbon o bonds in aqueous solutions. In most systems studied the observed reaction is: L,,,-,M("++')-R + L L-----direct determination of the metal-carbon bond dissociation energies. The results obtained indicate that these equilibrium constants are not directly related to the redox potential of either LmM(") or of .R, or to the activation energies for the homolytic cleavage of a family of similarly substituted ethanes.
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ML,,,@) + .R. Therefore the results do not. enable, a
The measurement of the dissociation energies of metal-carbon d bonds and the study of the factors affecting these energies is of importance in the framework of the research of many organometallic, biochemical and catalytic systems (ref. 1). The most common method used to measure these dissociation energies is the kinetic. technique. In this technique the activation energy, A H * , of reaction (1) is determined and it is assumed that LmM("+l)-R -+ LmM(n) + *R (1) LmM(n) + .R -+ L m M("++')-R (2) the bond dissociation energy equals A H * (ref. 1,2) . This assumption is based on the observation that the reverse reaction:
is very fast, often approaching the diffusion controlled limit, and therefore it is assumed that the activation energy for it is negligible (ref. 1,2) . This assumption introduces an error of several kjoule/mole into the bond dissociation energy. The specific rates of reaction (1) are determined by following the rate of disappearance of LnM-R in the presence of a good scavenger for the free radicals -R.
It should be pointed out that this technique is applicable only for complexes with relatively stable metal-carbon d bonds, i,e. usuallf only to systems where the metal-carbon bond is not formed in situ. his imitation has several important implications: a. Regarding the models for coenzyme B, , the, bond dissociation energies can be determined only for systems where R is an alkyl or a benzyl with no substituents on the 0: carbon (ref. 
i.e. the coordination number is not changed during the reaction, (Note a). Thus for example the coordination number of the cobalt in the reactions:
[ N( CH, CO, ), ( (4) is six for both the di-and tervalent complexes as can be concluded from their visible absorption spectra ref. According to the principle of microscopic reversibility this is also the nechanism of reaction (4). Thus the measurement of AHo of reaction 4) does not yield the metal-carbon bond dissociation energy, but the di 1 ference between this energy and the metal-water bond dissociation energ . However when AHo of reaction (4) is measured for a series of aliphatic Y ree radicals the effect of substituents on the metal-carbon bond dissociation energy is determined.
Two general approaches are available for the detrmination of the homolysis equ i Ii briu m constant K, :
a. For systems with a large equilibrium constant the dependence of the rate of formation of L,-,M("+l)-R on [ML (n)] is determined. The slope of the straight line obtained equals k-, and" the intercept yields k, . Alternatively the dependence of the yield of L,~,M(n++')-R on [ML,(n)] IS measured by following the absorption due to L,-lM(n++')-R, from the results K, is calculated. These techniques were used for the measurement of K, in a variety of systems, e.g. for the determination of K, , see below.
Note a: As the free L on the ri ht side of equation (3) is usually a solvent molecule it does not appear in t t e kinetic equations,i.e. the forward reaction (3) obeys a first order rate law.
Note b: The ligand exchange reaction in which H20, or another two electron donating ligand, is exchanged by a free radical .R is formally a redox process. Thus the mechanism is not accurately described by either the SN or the SH notations, therefore the "SN" notation is used here.
b. For systems with a small equilibrium constant the previous techniques are inapplicable as the interce t is too small to be accurately determined, and nearly a full yield of Lm-l&n+l)-R is obtained even in solutions containing the lowest useful concentration of ML @). In such systems the addition of a scavanger, S, for the free radicar"s .R is required. The kinetics of decomposition of Lm-lM(n+l)-R in the presence of S are:
Therefore b plotting 1/ kobs vs. [L M("] In order to study the effect of the central cation on the equilibrium constant of homolytic cleavage of metal-carbon (I bonds, reaction (9) was studied for M =Co, Fe and Mn.
[N( CH, CO, ), (H, O)
The results yield K = 3.7x10-', 4 .~1 0 .~ and 8 . 3~1 0 -~ m~l . d m -~ respectively. (ref. 8) These resuqts seem to suggest that the effect of the nature of the central cation on K is smaller than expected, i.e. the difference between the cobalt complex an8 the other two is relative1 small. However one should AGO for the metal carbon bond dissociation is considerably larger than AGO, . The free energy of reaction (10) remember that reaction (-9) involves a loss o Y a water ligand and therefore
( 1 0) is not known. However it is reasonable that the effect of the nature of the central cation on AGOl o is analogous to that observed for AGOll.
M(H, O), , +
k==--, M(H20)52+ + H, O (11) i.e. that ~G~~, , ( C o ( l l ) ) > AGolo(Fe(ll)) > AGolo(Mn(ll)). Thus it is reasonable to assume that the metal-carbon bond dissociation ener indeed decreases considerably from Co(iii)-CH, to Fe(iii)-CH, and Mn(iii)-8&3 as expected.
The reaction of methyl free radicals with NiL2+ was studied, (ref. 12) (where L = 1,4,8,11-tetraazacy,clotetradecane) . It was found that the mechanism of this process also consists of reaction (3) (1 5)
In reaction (12), in contrast to reaction (3), the coordination number of the central cation chan es from four for the divalent complex to six for the tervalent complex. T\us AHo of reaction (12) is the sum of the nickel-carbon bond dissociation energy and the binding ener of water to the tervalent complex, whereas AHo of reaction (3) is the dJerence between the metalcarbon bond dissociation energy and the bindin energy of water to the divalent com lex. This difference might explain t f e relatively high stability of L H20)Ni(FIi)-CH , + though the redox potential of the LNi(H,O) 3+/LNi2+ above.
The reactions of CH, and C H C CH ),OH free radicals with C~(~~) ( t s p c )~-were studied, (where tspc=tetrasulfo kthdocyanine).The formation of (tspc)Cu ( Ii a n 8 exchange is required in order that reaction (-3) wil P compete change the redox potential of the M(III)/M(II) couple. As is at least fomally an oxidation process, it is. expected that of the transient will be enhanced by lowering the redox the central cation.
c. The ligands affect the water-metal bond dissociation energy and thus AGO d. The ligands cause, in some systems steric hindrance which enhances the The data obtained thus far clearly. indjcate that pulse-radio1 sis is a powerful technique for the determination of metal-carbon iomolysis equilibrium constants, mainly for relatively unstable complexes. However the data is far from sufficient for a . detailed analysis of the factors affecting the magnitude of these equilibrium constants.
